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31: INH&BI_E‘!TA ENERGY SYSTEMS, INC. :ﬂﬂ' OFFE I uu:m '
Cotober 9, 1987

llr. ITn “'I MI m:m
Bnriching Cperations pivision
Department of Energy

ek Ridge Cperations

Poat Office Box E

fek Ridge,; Temnessee 37631

Dear wr. Parks:

Deposure Assessment — Paducah Peed Blant

The enclosed report provides the best estimate of radiation doses received by
workers in the feed plant fraa transuranics (TRD? and fissien products during the
processing of uranium recyecle materials. This inforcmatien was requested as Item 6
of B. D. Fletcher's request of July 9, 1885. Awvailable external exposure records
and air xonitering data were used to arzive at these estimates. Scant internal

dose data began to be generated by in vivo gamma spectrametry near the end of the
recycle uganium processing.

Dese comversian £actors decived by ICRP-30 Part 1 methods ard provided by a IO
g5t regory. were used to detemmine internal exposures. The transuranic mxclides

and “*/Fp provided about 12 percent 2f +h= 1.54 rem average annual carbined
ocral excernal dose and S0-year sowdtted doe: calvalent.

It is well known that theprese:xcecf237upa1d99'ro in the racycle uranimm
processed at the Paducah Gaseous Diffusion Plant (KGOP) and in the UF. fed to the
cascades has caused many radiation protection problems, especially dugi.ng maine
tenance and medificationg of process equipment related to the Cascade Trprovement
Program. Trapping technalogies to remove these radionuclices were develcped after:
the cascades were contaminated. Thus, future recycle fred streams can be clesned
vp and cascade contamination can be avoided. '

Alse enclesed is & table listing the quantities and material fomm of uranium
recyele material precessed in the Peed Plant (per Item 1 af BE. D, Fletcher's
sequest). Ffor Item 2, data &re presented on the level of TRU and fissien products
in this recyle material in KY/L-1239, "Sistorical Impect of Reactor Tails in the
Pagucah Cescade,® by R P. Gmith (3/19/84).

gincerely,

QRIGTI Y. TRV oy
B TSR
D. J. Bostock, manager
Padoecah Gaseous Diffusion Plant
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0.00
993.05
2,632.11
5.771.72
5,813,094
6,564.75

6,628.42
4,268.16
§,197.40
§,428.19
7,427.15
8.048,13
2,819,385
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Start-up July 1953

Includes 13.56 U0,
Includes 65.16 U30§ :

Inclydaes 33.20 U3°3 2 1,825,353 Calcined U03
Ineludes 33,57 U308 & €,524,78 Calcined U03

Includes 286.38 C-400 Calcined UO3
Shurdewn June 1984

Start-up Jduiy .568

Shutdown June 1977
Includes 45.71 Calcined 003




COAUG.12.1999 11:11AM DOE FRDUCAH U, (DD r

EXPOSURE ASSESSMENT - URANIUM RECYCLE NATERIALS
[¥ TRE PADUCAH FEED PLART

f. C. Baker

One of the factors to ve considered for recycling of irradisted uranium i5 the

exposure of personnel during the conversion of uranium to uranium hex-

afluoride. The Paducah Fesd Plant processed 100,000 tons of recyele uranium
during the 19531873 period. The DOE-ORC rgquestgq the Paducah Gasecus 0{f-
fusicn Plant and otﬁers to assess the exposure‘ tc transuranjes and fission
products (TRU and Fp’s) for those employees precessing this material. KNone of
the organizations had readily accessible records or sufficient data tp provide
3 timely assessment; This report provides an estimate of the exposure af
employee groups with epphasis on the calculated incremeatal exposure due to

the opresence of the trace concentrations of TRU and Fp's in the returaed

SUMMARY

From old records and interviews, estimates were made of 20-year average air
concentrations and the particle ‘size of the radioactive azrosols 1n the
various operations areas an§ of the .number of hours operators spent in each
Job. The fraction of the airboerne radicactivity due to the various
radionsuclides was estimated for each arema. Oeposition factors were taken from
Figure 5.1 of 1CRP Part 1 to provide a correctien for particle size. Exsternal
radiation exposure was determined by f{lm badge dosimetry. Ffrom this the

average annual 50-year committed dase equivalent was calculated to be 1.54

Toemdg, T T zangetbuesd 12 maraane,

SeGm s
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DESCRIPTION OF INPUT MATERIAL

The Paducah Feed Plant processed recycle uranium (RU} from July 1953 through
June 1964 and from July 1968 through 1973. A small amount, 365 tans, was
processed 1n early 1377, The feed plant has not been ocperated sinca June
1977,

The RU processed came from the plutonium production reactors at Hanford and
Savannah River. It has been estimated that a total of 100,000 tons of uranium

was processed and this contained 660 kg (11,208 curies! of 99Tc, 18 xg (12
Z39Pll-

curies) of %>'Np and 330 grams (20 curfes) of

Fission product gamma activity was coasistently well below 10 percent of that
frou aged natural uranfum. Haowever, 37K and msRu—Rh were detectable in
whe UD, feed. After concentraifon fa dust #:3lawing the fluorinatis- srocess,
L“Ce was also detectable. The contribution of Fp gamma to the total rad{a-
tion was usually s@all compared to that of uranium daughters. In 1957; it was
noted that drums of fluorination system ash (unreacted uranfum and nonvalatila
fluorides) which were stored for cver =ight months (10 .hal f-lives of 234Th)
had two to five times more gamma radiation than that expected from natural
uran.ium. (The total gamma radiation level was much lover tham that measured
before storage.) Under this combination of concentratfon and aging, Fissien
products <an become the primary source of radiation., However, this situation

was rare and the total dose from fission products was insignificant compared

to that. from other gamma emitters.

F.S




A e ot W St o . ¢

LRI, LCe w200 Ll ikl FE V1 s PP W, rad

: ’ 3

PROCESS CESCRIPTION

The simplified feed plant precess used the following reactioms:
e, {yellow powder) 4 Hy {gas ja=> UC}2 {bjack powder) + qu {steam)
ug, + 4HF (gas) --> UF, (green powder) + ZH,C (steam)

UFgq + Fy (g3s) -=> UFg gas

lmpurities in the incoming U(J3 generally stayed Qith the solid pt:ocess
material until the final fluorination step, There were varying degrees of
concentration of these dJmpurities 1in the ash raceivers, cooling !ines,
sintered metal fﬂt;rs and in the UFS product flow. -¥hen the conversion of
UF4 te UFE was exceptionally efficient, the residue was particularly concen-
trated, The radicactive decay preducts of 238, when concentrated would emit
agmma ~:2iation measuring greater tnan 1000 mremih- =i the  ash receivers
(residue collectors). This material would also contain 3%y at 10 to 250

times the concentraticn in the feed material., (4 ppb in UO3 X 250 = 1000 gpb

or 1 ppm.}

When the efficiency of conversion was low and the residue {ash) was primarily
unreacted UF,, the radicact{vity was low. Such ash was putver'ligd and
screened in anothef facility and returned ta the process at the fluorination
system. Normal procedure for several years was to stora the less pure ash for
six months to a year to allow the more radicactive isotopes (such as 234Th) to
decay, dissolve the ash in nitric acid and chemically separate the uranium
from the other isotopes. The urarfum was then converted to U0s for refeeding

.
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was discontinued {in 1970.}
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EMPLOYEE ASS [GNMENTS
feed plant cperators were iss1gried to day wark or rotating shifts, In both
cases they were rotated through several spgcific jobs as briefly dascr{bed
below. The potential for exposure v;as diffarent for each job but, because of

the Jjob rotation, the operators had comparable exposure over an extended

pericd.

1. U03 Powder Handling. This was primarily a day shift job invelving
two 3 three q;arators.‘ It included unloading.hogyers from raflcars or
trucks, weighing, valve installatirn, and transporting to whe foed point,
Exposure wis about 220 hours per year toc 80 uranium alpha dpmim3; particle

Activity Median Aerodynamic Diameter (AMAD) was about 10 micrameters {um).

2. C-420 Green Salit Flant Operatfon. The norval personnel complement
consisted of +twe day shift and three rotating shift operatars, They manned
Che conctrsl rosm, checies sCrew reaciafs and valves, 1eak tested, unmplugged
feed screws and hoppars, cleaned-up spills, operated conveyors and baghouse
dust callectars, Thetr fypical anpyal exposure was 180 hours. to 100 alpha
dpm/m’ and an additicnal 150 heurs to 10 alpha dpm/m. .The dust AMAD was

appreximately 10 um.

3. Fluorination Tower Operator. Rormally, two operators on shift
operated this area including checking the UFs hoppers and metering feed screws
to the tomers, F, preheater and control valve, ash receiver, off gas dust col-
Tectors, ventilation system, and transporting of filled ash receivers from the

area. As much of the cperation was done fram the control room as was

“emzreeiz rmignsres ~FF 0 cas cnees Yinas. removing dust From pinine znd

-

equipmens, and ciesn up of 5piiis wers commompiace. Thers  wds  sXpuadic ad




TS s abms w T P Y Y] . U

UaF, fum; gamma radiation from concantrated uraniwa diughters, and to  dusts
consisting of u:;;ucted .uran'lum contgining enhanced concentrations of nonvola-
tile fluorides of metallic impurities including thorium, nept;mium, plutontum
and fission products. .The UO,F, fuse had an AMAD of about 1 um; afrborne dust
fran clean.out gperatians had an AMAD of about 3,5 to 7 um. An AMAD of 4 um
is assumed for exposure calculations. The annual expnsuré time was 100 hours
to UDZFZ concantrations of 150 alpha dpnln3

and 120 heyrs to other dust at 80
alpha dpmlms. |

4. Cold Trap and Refrigeration Systems. Ia addition to operating
these systems, the operator woeuld connect and disconnect UFg cylinders and
move and weigh cylinders. This work rarely generated air contamination, but '
there were 2 few instiances of acute exposure to Uﬂze {rem releases of UFS.
There was also chronic exposure to dust genarated in other areas. The
stimated annual dust exposure =x=ac AL amges  fy 2B 21pha dsr::“fsr3 {&84AD
astimated at & um). Some operatars were exposed to one or more relemses in

which 1 to 2 mg of soluble uranium in U,F, was Tnhaled,

S. C-410 Contral Room Operation, Much of 1the process was
instrumented and cantrol'led rexotely with the operat{ng conditions displayed
on graphic panel boirds. The control room cperator menftored the dispiays,
comunicated with the Tocal operator, and octasionally went to his assistance.
The control room, an area of no significant exposure, was also used as tha
assigned work 3area for personnel who were placed on work restriction when
their yranium excretion rates exceeded a plant action guide. - The astimated

annual exposure was 320 hours 2t an average afrborne alpha emitter concentra=

21an of LU oo
iy W -l it we -
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6. Flyorine Plant Operation. There was essentially no radiation
axposure to the persoanel cperating or maintainfng the fluorine plant or the
HF tank farm. In thelr normal rotation, the cperators spent about 300 hours
per year on this jcS. Operators whose urinalyses indicated excretion rates
abeve the plant action guides say be assigned to this job until the rates were

within the guides.

During the period of 1353-1560, feed plant perscnnel operated 3 facility te
vaporize UF; to the cascade. There was no exposure to TRU or Fp's in this

cperation.

NUCLIDES IN FEED PLANT AEROSOLS -

Data from a few samples of dust in process systems and the m2ny analyses of
feed materials were usad with material balance data to estimate the TRU and
mn‘:h content of dust in the var{ous work areas of the feed plant. These con-

cenirations are dsed to calcuidale the anhual widke i zaci .33L0De,

1. U0, Powder Area.

Fraction of Total

Isotope Cenc. dpm/ g Qust Alphs Count
233p, 3.3 ppb 500 3.3 x w0t
™ 0.18 ppm 270 1.8 £ 107
238y 0.993 g/g 750,000 - 0.5
234y 56 ppm 750,000 0.5
230 -5

™ 1 ppb , dZ:DOO 2.8 10

2.. €-~420 Grean Salt Plant
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The abaove distribution of radianuclides s considered typical. Dust from

Flvorination Tower Area. TRU concentrations varfed greatly with loeation

and operating conditions. The TRC concentrations were very lew when mal-
functions or poor conversion 'efficuncy resulted 1n__ excessive dust {n the
off gas system. Good ‘operation resulted in higher concentrations dut less
need tc open the system. Systems with long trouble-free operatien had
nigh 'axterna‘l radfation, high concentration of thorium ‘isctnp_es and
enhanced TRU. The values given below are vsed to rgpresent the wide range
of nuclide concentration in the airborne dust.
’ Fraction of Total

Isctoos ( U%gg';s) dpm/gq | Dust Alpha Count
239, 1 ppa 150,000 0.09

237Np 8 ppm iZ,OGO ‘ 007

238y 0.89 g/g 750,000 0.44

234, £5 oz 750,000 0.44

42,000 0,025

R L ppm
1,704,000
UO,F, fume in tower area had essentially no TRU or 230y,

content.

caoponients rarely opened may contain greatly di fferent distributions. For

2xample, dust was sampled from scintered metal filters through which the UFg

j3s and excess Fluorine had passed during 18 months of use on some RU hut

yrimarily natural uranium. Of the total alpha activity of the dust, 2301’\1

1iphas constituted 80 percent; 239?:1 was less than 4 percent and zr"ﬂp was

.8ss than 1 parcant of the total activity.

A
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4, Cold Trap and Refrigeratfon Operation.

Exposure was to UWpFy, dust drifting from the tower area and dust from UD4
area. It is estimated that BO percent of the dust came from the tover

ares and 20 percent from UC,. Thus, the isotopic distribution would be as

followss:
Canc. o Oust Count

1sotene {U basis) dpm/q
2%, 0.8 pem 120,000 0.07
#xp 0.5 ppm 9,000 0,405
238 0.99 g/g 750,000 0.45
234 55  pom 750,000 0.45
230.‘.h

17863.000

5. €-410 Ceatrol Room Ogerat1ons.

The dust te which contrgl room operators were exposed {s assumed ta have

the same nuclide distribution as that for tower operators,

RADIONUCLIDE INTAKE ESTIMATES BASEQ OR
- ANKU IR CONCENIRA

An {nhalation rate of 1.2 cubic meter per hour is assumed for the moderata
work rate., The total activity inhaled and deposited in the pulmonary region
of employee lungs is calculated below:
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PLUTONTUN AND NEPTUNIUM AND URANIUM DEPOSITION

Resp.

, Time  Alpha ate ~ Nuclide Ceposition*®  Total Annual
Job Hours dp Fracticn Factor Oeposits {dpm)
(1) 220 80 1.2 Py 3.3 X 10:2 0.05 0.36

Np 1.8 X 10~ 0.05 ST R
U 1.0 0.0S 1%10
(2) 180 100 1.2 Py 3.3 X 1073 0.05 0.38
150 10 Mp 1.8 X 10 0,05 0.22 .
¢ 1.0 0,05 1.1 X 10
(3) 1oc 130 1.2 U 1.0 025 2.5 X 10°
120 &0 1.2 Pu 0.09 0.1 104
Np 0.007 0.1 &1
U 0.9 0.1 1.0 X 10
(4) 240 20 1.2 Pu 0.07 0.1 a0
Np 0.00S 0.1 2.8 .
U 0.93 0.1 0.5 X 10
(8} 320 10 1.2 Pu 0.09 3.1 35
He 0,007 ' 2.8 2
U Gas i G.3 k107
(5) 300 0 1'2 hatabad ~——— wvenas

*Mepesition factor is the fractiea of inhaled particulate mass which reaches
and is depgsited in the Tungs.

Total 1,530 hours Total Annual Deposit (dpu)3 Pu 180 dpm, Hp 13.3 dpm
Nonexposure hours 370 Uranium Class W 3.9 X100

Uranium Class 0 4.5 X 20 '
These total annual deposits may be compared teo Annual Limits of Intake (ALI)

by dividing by 0,25, the assigned deposition factor for dust with an AMAD of 1

nicrometer.

237

720
237:: 55
1 ) 18 =g

TR
- ;n} el
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FISSION PRODUCT EXPOSURE : -

Recycle uranfum recafvad at the Paducah feed plant typically contajned 7 ppm
Bre on a uranium basise It is estimated that 680 Kg ot was recefved {n
100,000 tons of uranfum. Technetium did not cancentrate fn any particular
part of the feed plant; the input concentration was typical of that in aie-
barne dust. Technetium accumulated in the cascade and in cylinder heels, A
concentration of 7 ppm results in 2.6 X 105 technetium beta dpm/gram uranfum.
The airbarne dust had 99Tc beta activity of about 1/6 of the 234Th-Pa beta
activity, except where the 234??:. concentrated by <the process, was much

greater. Annual depesition 1S estimated to be 1,000 dpm {16 Bq) or less than
0.05 mrem/year to lungs ar other tissue,

As received the recycle uranium had fission product gamma activity of less
than one ftenik vhe 23mmy ictivity of aged natural uranium. Normally specific
nuclides were not identifiable. Howaver, concentration of tission products in

ash made msnu-kh, and 95

Zr-Nb detactable. Gamma dose ratas in the tower
area, around ast receivers and other tower area equipment whether {nstalled,
stored, or deing cleianed was significan.t. Jose rates near ar in contact with
some equipment. reached 1 rem/hr. Almost all the gamma radiation was from the
uraniuym decay chain. The ﬁose rate from equipaent removed from the process
diminished at the decay rate of zuTh during the rirst mnfhs of storage. The
gamma radiatfon due ta 23"‘Th-—i’a was probably about 2Q or more times that due

to fission products.
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EXTERRAL EXPOSURE

Dosimetry record-s. were revia?ed for 27 operaicrs wha in over a peried of 7' 't
22 years of feed plant operation received most of their exposure in the feed
piant. The av-erage annual dose was 0.66 rem whole bady and 2.7 rem skin dose.
Of.this total the TRU and fiss{on produce contributicn is estimated to be less
than 20 mrem/year to the whole body. This is based on amalyses which gen-
erally expressed the gamm from Fp's to be either "less than 2 parcent of aged
normal U* or "significantly less than 10 parcent of aged normal U." Fission

product betz activity, cther thah from 99Tc, was reported as “less than 1 per-

i

cent of aged normal U.*

Dosimetry records of maintenance mechanics assigned to the feed plant were
aiso reviewed. Their exposure was slightly higher than that for the opera-
tors. The whole body dose 2veraged 0.74 rem/year and the skin dose averaged
2.3 rem/yesr. Again, TRU and Fp's added very 1it=le, cerhaps 20 mrewm/year to

the tatal.

IN VIVO MONITORING DATA'

Tha =arly evaluation of the few analyses for TRU and Fp's in the feed plant
confirmed the prediction that exposure ts those radicnuclides would be minor
compared to exposure to uranjum. However, the project to recover and purify
neptunium and the discovery of significant depositien of ag?Hp on cascade
eguipment made monitoring for Np necessary. %h{le monitoring personnal pere
forming maintenance on cascade equipment became the highest priority, there

was scme monitoring of feed plant perscanel by in viva gamma spectrometry

"hany counting) before the Foad slent =lesed in 1977.




Mt i -t et Lt SR FUT WS

12

The sarliest use of a "Bedy Counter” to check ¥or inmternal degosition of
radicauclides in Paducah Plant emploveas was in 1960 and primarily was because
of concerns for exposure to 237Np. At the request of PGDP, Y-12 calibratat_i
their in vive gamm spectrometer for 237Np. It was found that geod sensi-

tivity was cbtainable; less the 2 percent of the 17 nCi Maximum Permissidble

Lung Surden (MPLB) could be detected.

In 1960, four chemists who worked on the development of a neptunium recovery
237

237

and guri'ﬂcati:m gystem and ware potenttally eprsed to ""'Xp and Z”Pu were

checked in the calibrated Y=12 in vivo spectrometer. No ~~'Np deposits were

found.

In 1962, 15 employees considered to be among these with the highest potential
- exposure to neptunium ané uranium in each of three plant groups (237up

recovery, converter disassemb}y. feed plant cperatfons) wers sent to Y-12 to

e
ondd ol

be counted, Huac of the empicyees hac detectable M.,

In 1968, the mobile In Vivo Radiation Monitoring Labaratory (IVRML) began
reqular visits to PEDP. However, rcutine calibration and recording of

23%4p were not begua until 1974, after almost

readings for lung deposits of
alt RU had beesm processed in C-410. Of 66 determinations for feed plant
nperatcrs.. the mazimum indicated deposit was 0.5 nCi. This is considered to
ba 3 parcent of the MPLB. The mean determination was not greatar than that of

unexposed contrals.

EXPOSURE OF OTHER PLANT GROUPS TO TRU AND
FISSION PRODUCTS ,

The impertance of axposure to TRU 2lpha emittars was recognized <uring the

wrsema e

cascide {mpravement Pl'ggfém. af the . ¥iY-ilua  EB&. Al soa iydus. ZUTTSSE
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contamination contrel, respiratory grotection, and a urinalysis program were

all used

to assess and control exposure. MWhile the 3ir analyses predicted

annyal exposures to average near the radicactivity concentration guides, the

IVRML lung counts showed Tow deposition (generally less than 2 percent of the

1.

2.

summation of 25 years of monitoring indicates the following:

Plutonium and neptunium concentrate fn UFg cylinder heels. It is
not accessible until the ¢ylinder fs washed for inspection and pres-
sure testing. The poteatial fer per#onnel expasﬁre is Tow dur1n§
the wet chemical procassing of cylinder wash solutions. Procasses

which would generate aerosals ara avoided.

Neptunium in UF. feed to the cascade will contaminate the process
equipment and. its control must be considered during cascade main-
tepance o Ceasoyement. The level of neptunium contamination can be
reduced to insignificance by the use of cobaltous flvoride traps in

the feed line.

Depesitien of 237Hp in the lung from exposure to dust from cascade
equipment disassembly and modification was lower than predicted by
air  sampling because of the large size of the dispersed

particulates.

The “body count” as dons by the IVRML was the most direct and most
reliable exposure monitering methed for 237Hp exposure. Sface ?37!!;
was prasent whenever 2%, was found, a negative determfnation for
237?49 by §m  wivg chee® =runtina was also an *ndization that there

was no significany plutonium depesition. cxcepr ror foes piant
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dusts where the TRU activity was low compared ta yrantum, the 237!!9 -

activity in materials accessible to smplcyees was aormally 2 45 20

tines that of 239,,“.

UQSE_SUMMARY

There are varieus systems to con‘vert depasits or intakes of radionuclides tao
dose units. Coaversion factors for this summary were taken from a draft table
“S0 Yr. Comitted Dose Equivalent Factors - Rem/uC!{ Intake® {ssued by DOE in
1985 for popylation 'dcse calculations, This was used in lieu of the sup-~
plement to ICRP-30 Part 1, which does not hava values for 23/ Kg.

DOSE_SUMMARY - FEED PLANT OPERATORS

Conv. 50 Year Committed
Solubility Intake Factor Daze Equivalent
Mygiide Class uCi/Yr, REM/uC{ fREM)
34,238, D 0.082 2.6 0.2L
24,238, N 0.073 07 0.49
237y 2,5 % 1077 490 012
239, ¥ 32x107% 5100 17
Yotal Internal 50 Year Committed .
Dose Equivalent 0.83
External Dose (Film Badge gamma) 0.66

Total Dose (Annual Average) 1.54 REM/YR.
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CONCLUSIONS S
The radiation dose recaeived by persanue] during the conversion of 100,000 tons
of recycled uranium averagad 1.5 rem per year including the committed dose
equivalent from internally depesited radiofsotopes. Mast of the dose was due
to tha radicactivity of naturally occurring {sotopes of uranium, about 12 per«
cent was due to transuranics and fission products. The neptun-'iun and
technetium that passed through the feed glant and was fed to the gaseous dif-
fusion plants added signfficantly to the radiation protection problems of the
Cascade In_xprovmnt Programs. Most of this contamination was removed during
these programs. The technology far removing plutonium, neptunium ~ and
technetium from UF5 with chemical traps has been demonstrated and if used can

effectively prevent recontamination of the cascades.




